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In Fig. 10 the total excess compression is represented by the area between
the curve a-g-f, and the line d-e. Its total amount is

T = rpi                                                [29]

where r is the radius of the circular hole. Eq. 29 holds for any shape of hole if
r is taken as the half-width transverse to p\. The distribution shown in Fig. 10
is for a circular hole only, without reinforcement. In any event, most of the
excess compression is concentrated near the face of the hole.

An appreciable reduction in the amount of compression reinforcement is
effected if an overstress is permitted in the concrete adjacent to the opening.
In Fig. 10 the total value of T is equal to the area of the triangle a-d-b, which
is l.OOpir. Allowing a 50 per cent overstress, the value of t is the area between
the curve a-g and the line h-g, or approximately the area of the triangle a-h-c,
which is 0.3pir.

18. Numerical Examples of Circular Outlet. Consider the circular outlet
tube a-b, Fig. 12, with numerical data as follows:

Diameter of opening                                                         = 8.00 ft

tan $'                                                                              = 0.80

Pi, inclined stress, without opening                                   = 50,000 Ib, < sq ft

Allowable overstress in concrete at the edge of opening = 50 per cent

Allowable tensile stress in steel                                         = 16,000 Ib, sq in.

Consider again an outside layer of unit thickness as in Fig. 13.   Ignore the fact

that the elliptical opening passes obliquely through the layer.__The width of

the opening is 8.00 ft and its height is 8.00 sec <p' = S\/1.64 = 10.24 ft.
From Eq. 22,

Pe-f = -pi = -pi = -50,000 Ib per sq ft

From Eq. 28, at e, Fig. 13,

T = 0.25 X 4.0 X 50,000
- 50,000 Ib per lin ft

With an allowable stress of 16,000 Ib per sq in., this requires 3.12 sq in. of
steel per ft of opening, which is satisfied by Ij^-ui. square bars, spaced S.o-in.
centers. These bars should extend beyond the tension limit sufficiently for
adequate bond. A total length of twice the width of the hole will be adequate.
The same reinforcement is required at /.

From Eq. 21, the estimated maximum compressive stress at the side of the
opening is

Pn - 50,000

= 128,000 Ib per sq ft

The maximum excess over the allowable unit compression (with 50 per cent
overstress) is 128,000 - 75,000 = 53,000 Ib per sq ft. In Fig. 10 it is shown